
DESCRIPTION 

—Method of Manufacturing Semiconductor Device 
Technical Field 

The present invention relates to a method of 
5 manufacturing a semiconductor device, and the semiconductor 

device . 

Background Art 

Plasma etching has been employed in forming me ta I wiring 
of semiconductor integrated circuits . for example, when an 

10 aluminum film (Al film) or aluminum alloy film (Al alloy 

film) is plasma-etched, a gas containing CI atoms, such as 
Cl 2 , BC1 3/ or CClg, can be used as an etching gas. In the 
plasma etching of a metal f ilm, photoresist can be Used as 
mask material. Between the metal film and the photoresist 

15 film, a Ti system film, such as a TiN film, can be provided . 

to act as an antiref lection film. 
Disclosure of the Invention 

Such an etching technique is used when semiconductor 
integrated circuits is made on a semiconductor substrate. 

20 Some of these semiconductor integrated circuits include 

metal-insulator-semiconductor type semiconductor devices, 
each. having a control electrode- In manufacturing these 
devices, the inventors found the following phenomena: the 
control electrodes of the semiconductor devices maybe broken 

2 5 down; that the breakdown voitage of the semiconductor devices 

may be deteriorated. 
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The inventors noted these phenomena. In order to 
preventing the occurrence of the phenomena , engineers have 
taken measures, such as the change of the relevant etching 
recipes and etching apparatuses. However, the engineers 
5 have not always obtained the satisfactory improvement in 

the resulting shapes fonuedby etching and the process margins 
provided thereby. Hence, the inventors have found a problem 
that further improvement concerning the etching is required 
in the near future in order to manufacture much finer 

10 integrated circuits. 

Therefore, it is an object of the present invention 
to provide a method of manufacturing a semiconductor device 
having a control electrode and the semiconductor device 
formed by the method, the method being capable of reducing 

15 the occurrence of the breakdown and deterioration of the 

control electrode in forming a metal wiring on .the 
semiconductor device. 

The inventors carried out various studies in order to 
achieve this object and thought that the above defects may 

2 0 occur in MIS semiconductor devices during the etching process 

due to the discharging occurred in the insulating f ilmbetween 
the control electrodes and the semiconductor substrate, so 
that the insulating film is broke or deteriorated. The 
inventors noted that the defects may have been caused by 

25 charging up the control electrodes when the metal wiring 

film is being etched. The reason is as follows: a high 
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electric field may be exerted on the gate insulating film 
due to the charging-up of the control electrodes during the 
etching process. 

The inventors thought that there were a number of ways 
5 employable for lowering the charge of the control electrodes 

during the etching process as follows: the change of etching 
recipes and the modification of the etching apparatus.. Most 
of these ways have already been studied. Hence/ the inventors 
tried to find another solution to reduce the amount of the 

10 charges itself and have eventually obtained the present 

invention configured as follows. 

In a method of manufacturing a semiconductor device . 
in accordance with the present invention, a metal wiring 
of a predetermined pattern is formed so as to be connected 

15 through a conduction path to a control electrode on an 

insulating layer formed on a substrate. This method 
comprises the steps of: forming a metal film; forming, on _ 
the metal layer, a hard mas Jc having the predetermined pattern *- 
and containing a silicon system inorganic insulating film, 

20 the hard mask having a film thickness of at least 150 niu 

but not greater than 300 nm; ana etching the metal film with 
the hard mask by an etching gas to form the metal wiring 
of the predetermined pattern. 

The amount of residual electric charge electrifying 

25 the metal film can be lowered in the step of forming the 

metal wiring. The lowering of the charge prevents the 
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occurrence of the breakdown and deterioration of the 
insulating layer due to the electrified charge flowing into 
the control electrode. 

The semiconductor device manufacturing method in 
5 accordance with the present invention relates to a method 

of manufacturing a semiconductor device having a 
predetermined pattern of metal wiring. This method 
comprises the steps of: forming/ on an insulating layer, 
a control electrode for ametal-insulator-semiconductor type 

10 device; forming a metal film, the metal film being connected 

via a conduction path to the control electrode; forming, t 
on the metal film, a hard mask: with a film thickness of at _ r* 
least 150 nm but not greater than 300 nm having the ~ lr 

predetermined pattern and containing a silicon system 

15 inorganic insulating film; and etching the metal film with S 

the hard mask by an etching gas to form the metal wiring 
of the predetermined pattern. 

The hard mask is thus Employed as a mask instead of 
the photoresist mask in forming a wiring layer having a _ 

20 conduction path to the control electrode- The hard mask 

allows the reduction of the initial film thickness of an 
etching mask required to etch a metal film. Therefore, the 
volume of the mask can be reduced, so that the amount of 
the capturing electric charge is decreased in the mask during 

25 the etching process. Therefore, the amount of the 

electrified charge in the mask can be also reduced. This 
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reduction lowers a voltage applied between the control 
electrode and the substrate. 

The inventors further carried out detailed s tudies and 
have found that another aspect. The following features 
relating to the present invention can be combined with the 
invention rationed above. Also, the following features 
relating to the present Mention can be combined with each 
other arbxtrar ily, whereby the combined invention can obtain 
not only the advantages and functions of the respective 
features, but also advantages and functions arising from 

combined features. 

The inventors have found that a preferable film 
thickness of the hardmask falls within the range of at least 
150 nm but not greater than 300 nm in order to reliably form 
the metal wiring by etching . The inventors have also found 
that a more preferable film thickness of the hard mask falls 
within the range of at least 180 nm but not greater than 
230. nm- 

in the method of manufacturing a semiconductor device 
in accordance with the present invention, the hard mask may 
contain a silicon system inorganic film, such as a silicon 
oxide film. This film of the hard mask acts as an insulating 
filmforinsulatingmetalwiringformedinlatersteps. Thus, 

it is not necessary to remove the hard mask. For example, 
at least one of Si0 2 , SiN, SiOF, and SiON films can be employed 
as the silicon system inorganic film. 
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In the semiconductor device manufacturing method in 
accordance with the present invention, at least one of an 
Al film and an Al alloy film can be employed as the metal 
film. Further, at least one of a tungsten film and a copper 
5 film can be also employed. 

Preferably, in the semiconductor device manufacturing 
method in accordance with the present invention, the metal 
film is etched by an etching gas containing Cl. 

The semiconductor device manufacturing method in 

10 accordance with the present invention further comprises the 

step of forming a barrier metal film. The semiconductor 
device manufacturing method in accordance with the present 
invention further comprises the step of etching the barrier 
metal film with the hard mask. The semiconductor device 

15 manuf acturingmethod in accordance with the present invention 

further comprises the step of forming an antiref lection film 
on the metal film prior to forming the hard mask. The 
semiconductor device manuf acturingmethod in accordance with 
the present invention further comprises the step of etching 

20 the antiref lection film with the hard mask. 

Thus, at least one of the antiref lection film and 
barrier metal layer can be etched by use of the same mask 
as that used for the metal film. This simplifies the 
manufacturing process. 

25 A semiconductor device according to the present 

invention comprises a substrate, a MIS type element, a metal 
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wiring, and a hardmask . The MIS type element has an electrode 
provided such that an insulating film is arranged between 
this electrode and the substrate. The metal wiring has a 
predetermined pattern and is provided on the MIS type element 
5 by way of an interlayer insulating film. The hard mask is 

arranged on the metal wiring conductor and has a predetermined 
pattern identical to that of the metal wiring. The metal 
wiring conductor is connected through a conduction path to 
the electrode of the HIS type element. 

10 A semiconductor device according to the present 

invention comprises a substrate, a MIS type- field-effect 
transistor, a metal wiring, and a hard mask. The MIS type 
field-effect transistor has a source, a drain and a control 
electrode * The source and drain are arrangedon the substrate - 

15 The control electrode is capable of controlling a current 

flowing between the source and the drain, and is arranged 
such that an insulating film is provided between the control 
electrode and the substrate. The metal wiring has a 
predetermined pattern and is provided on theMIS field-effect 

20 transistor by way of an interlayer insulating film. The hard 

mask is provided on the metal wiring and has a predetermined 
pattern identical to that of the metal wiring. The metal 
wiring is connected to a conduction path to the control 
electrode of the MIS type field-effect transistor. 

25 This semiconductor device can be made by the 

semiconductor device manufacturing method mentioned above. 



7 



± 0."03.0S£!S ... O 7 S*02 



FPOO-0073-00 



Brief Description of the Drawings 

The present invention can easily be understood when 
the following detailed description is taken into 
consideration with reference to the accompanying drawings/ 
S which are represented only by way of example, wherein: 

Fig. 1A is a sectional view of a semiconductor device 
manufactured on a substrate by employing the semiconductor 
device manufacturing method in accordance with the present 
invention, whereas Fig. IB is a plan view associated with 
10 the sectional view in the step shown in Fig. lA; 

Fig. 2A shows a sectional view in a step in which a 
photoresist mask has been formed in order to form a mask 
pattern to a hard mask film, whereas Fig. 2B shows a sectional 
view in a step in which the hard mask has been formed; 
15 Fig. 3A shows a sectional view in a step in which metal 

wiring has been formed by etching the metal film using the 
hard mask, whereas Fig. 3B shows a pl*n view in a step in 
which the metal wiring has been formed by etching the metal 
film; 

20 Fig, 4 is a sectional view in a step in which a passivation 

film has been formed; 

Fig. 5a is a schematic view showing the distribution 

of both of the electrified charge in an etching step by use 

of the hard mask and the electric charge induced by this 
25 electrified charge, whereas Fig- 5B is a schematic view 

showing the distribution of both of electrified charge in 
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an etching step by use of the photoresist and electric charge 
induced by the electrified charge; 

Fig. 6A is a diagram showing, in terms of capacitors, 
the distribution of both of electrified charge in an etching 
5 step by use of the photoresist and electric charge induced 

by the electrified charge, whereas Fig . 6B is a diagram showing, 
in terms of capacitors, the distribution of both of 
electrified charge in an etching step by use of the hard 
mask and electric charge induced by the electrified charge; 
10 and 

Fig. 7 is a graph showing the experimental results of 
time-dependent dielectric breakdown (TDDB) , which is one 
of methods for evaluating the deterioration of the gate oxide 
film. 

15 Best Modes for Carrying Out the Invention 

Preferred embodiments of the present invention will 
now be described in . detail with reference to the drawings . 
Parts identical to each other will be referred to with the 
same reference numerals or letters, if possible, to avoid 

20 their redundant description. 

Fig. 1A is a sectional view showing a semiconductor 
device, which is being manufactured by a method of 
manufacturing a semiconductor device, of an embodiment of 
the present invention; whereas Fig. IB is a plan view 

25 corresponding to the sectional view in the manufacturing 

step shown in Fig. 1A. Fig. 1A corresponds to the cross 
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sectional view. taken along the line I-I of Fig. IB. 

In the following, a method of manufacturing a 
semiconductor device comprising a metal wiring on a 
metal-insulator-semi conductor type (MIS type) 
5 semiconductor device will be described. This MIS type device 

means at least one transistor of a MIS type transistor having 
a control electrode and a MIS type capacitor. In the 
following configuration, manufacturing steps for forming 
a metal-oxide-semiccnductor type (hereinafter referred to 

10 as "MOS type") field-effect transistor on a silicon substrate 

of p-type conductivity will be explained, but embodiments 
according to the present invention are not limited the 
configuration. 

Referring to Figs. 1A and IB, a device isolation film 

15 4 is formed on the surface of a silicon substrate 2* The 

device isolation film 4 works as insulation regions foe- 
separating respective device regions 6 from each other in 
which the MOS transistor is formed. The device isolation 
film 4 is provided by forming an insulating film, such as 

20 a silicon oxide film, in the insulating regions. Methods 

for isolating devices, such as LOCOS method and LOPOS method, 
can be employed, but they are not limited thereto. 

Subsequently, a polysilicon layer 8 is formed on the 
substrate 2, The polysilicon layer 8 is utilized as a 

25 conductive layer, such as a control electrode 8a on the device 

regions 6 and a wiring layer 8b on the device separation 
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film 4. The polysilicon layer 8 is formed by the following 
process. After a gate insulation film 10 is formed by use 
of thecal oxidation method, a polysilicon film is formed 
by CVD method thereon. This polysilicon film is etched to 

-5 form a predetermined pattern. 

In the device regions 6, n-type semiconductor regions 
6a and 6b are formed. Each of the n-type semiconductor 
regions 6a and 6b is formed in a self-alignment manner with 
respect to the control electrode 8a and the device separation 

10 film 4. For example/ ion implantation method can be employed 

for introducing the n-type impurity atoms, but it is not 
limited to the methods „ One of the n-type semiconductor 
regions 6a and 6b act as a source region of aMOS type transistor, 
whereas the other acts as a drain region of the MOS type 

15 transistor. The n-type semiconductor regions 6a and 6b are 

separated from each other by the control electrode 6a* 
Provided between thus separatedn-type semiconductor regions 
6a and 5b is a channel region 6c. The gate oxide film lOrtr 
is arranged between the channel 6c and the control electrode 

20 8a. Since the conductivity of the channel region 6c is 

modulated by the voltage applied to the control electrode 
8a, the control electrode 8a acts as a gate electrode for 
controlling. the current flowing between the source and drain- 
regions. 

25 Formed on the substrate 2 are the control electrode 

Sa, n-type semiconductor regions 6a and 6b for the source 
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and drain regions, and an interlayer insulating film 14. 
The MOS type transistor has the control electrode 8a, and 
the source and drain regions of the n-type semiconductor 
regions 6a and 6b- The interlayer insulating film 14 is 
Utilized for electrically separating the control electrode 
6a from a wiring layer formed thereon. The insulating film 
14 is formed by the following process, for example- A 
predetermined thickness of BP5G film is deposited by use 
of CVP method. Thereafter, the BPSG film is flattened by 
a heat treatment - 

Conductive portions are formed in the interlayer 
insulating film 14- The conductive portions electrically 
connects the source and drain regions of the n-type 
semiconductor regions 6a and 6b, the control electrode 8a, 
and the wiring layer 6b to the metal wiring formed in upper 
layers, In order to form the conductive portions, contact 
holes 12a, 12b, 12c, 12d are formed in the interlayer 
insulating film 14. The contact holes 12a, 12b, 12c, 12d 
are formed by the following process, for example. A 
photoresist mask having openings at predetermined positions 
is fctmed by use of photolithography method. Thereafter, 
the interlayer insulating film 14 at the openings is etched 
by plasma etching. This etching forms the contact hole 12a 
to the n-type semiconductor region 6a, whereby conductive 
portions can be formed and will connect the n-type 
semiconductor region 6a with the wiring layer. The contact 
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hole 12b is provided on the n-type semiconductor region 6b/ 
whereby conductive portions can be formed and will connect 
the n-type semiconductor region 6b with the wiring layer. 
The contact hole 12c is provided on the wiring layer 8b/ 
5 whereby a conductive portions can be formed and will connect 

the wiring layer 8b with the wiring layer. The contact hole 
12d is provided on an extension of the control electrode 
8a, whereby a conductive portion is formed and will connect 
the control electrode 8a and the wiring layer. 

XO Fig- 2A is a sectional view in a manufacturing .step 

after a photoresist having a mask pattern is formed on a 
hard mask film. Referring to Fig. 2A, a metal film 16 is 
deposited on the substrate 2. The metal film 16 is composed 
of. a conductive film formed by at least one of conductive 

15 materials, such as aluminum, Al alloy/ tungsten, and copper. 

A barrier metal film may be provided under the metal 
film 16. Provided between the metal film 16 and the 
interlayer insulating film 14a is a barrier metal film made 
of a material, such as Ti or Ti/TiN. An antiref lection film 

20 may be formed directly on the conductive film a? well. The 

antireflection film can be made of p-SiON, TiN, Ti/TiN, Si, 
Si/TiN, p-SiON/TiN, and SiC, and can include a single-layer 
film having an organic coat film and a laminate film formed 
from materials selected from the materials listed above, 

25 Each of the barrier metal film, conductive film, and 

antireflection film can be formed, for example, by a 
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formed in the contact holes 12a, 12b, 12c and 12d provided 
in the interlayer insulating film 14 (see Fig. 1A) . 
Conductive portions 16a, 16b, 16c and 16d (see Fig. 3B) are 
5 formed in the same step, and can be used to electrically 

ggnnect the n-type semiconductor regions 6a and 6b, the 
control electrode 8b, and the wiring layer 8b to a metal 
film formed later thereon. 

By way of example/ the thickness of the metal film 16 
10 i s preferably at least 100 nm but not greater than 1000 nro 

in order to secure the characteristics and reliability of 
the resulting semiconductor device. In an example/ 
The thickness of a Ti system barrier metal film: 

at least 50 nm but not greater than 100 nm; 
15 The thickness of a conductive film made of Al: 

at least 100 nm but not greater than looo nm; and 
The thickness of an antiref lection film: 

at least 50 nm but not greater than 100 nm. 
Subsequently, a mask film 18 is formed on the metal 
20 film 16 and ean be used as a hard mask. The hard mask film 

16 can be a silicon system insulation film. For example, 
the silicon system insulation film can be a silicon inorganic 
film, such as Si0 2 film. This inorganic film is deposited 
by use of CVD method, for example. 
25 Experiments carried out by the inventors found that 

the thickness of the hard mask film 18 is preferably at least 
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150 nm but preferably not greater than 300 ran in order to 
appropriately etch the metal film 16. The hard mask film 
18 (acting as a hard mask 22) having the thickness of less 
than 150 nm cannot be used as a mask in etching the metal 
film 16. Namely, the film is too thin to be use as the mask 
if the thinning of film in the etching is taken into 
consideration during etching. If the thickness of. the hard 
mask film 18 exceeds 300 nm, the breakdown and deterioration 
of the gate oxide film may become remarkable because the 
amount of charge increases in the etching. Therefore, the 
inventors carried out experiments and studies and finally 
found out- this preferable range . The inventors conducted 
detailed studies of the experimental data. The studies 
reveals that the film thickness is further preferably at 
15 least 160 nm and further preferably not greater than 230 

nm. 

In addition, it is advantageous that the hard mask 22 
of a silicon system inorganic film is not required to be 
removed after the metal wiring 24 has been formed. 

20 After the deposition of these layers 16 and 18, the 

hard mask is formed by photolithography method, for example. 
Fig. 2B is a sectional view showing a manufacturing step 
in which the hard mask 22 has been formed. The hard mask 
22 can be formed according to the following process . First, 

25 a photoresist is applied onto the hard mask film 18 and is 

exposed to light, whereby a wiring pattern for metal wiring 
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is transferred to form a resist layer 20. The hard mask film 
18 is etched using this resist layer 20 as a mask. By way 
of example, conditions for etching the hard mask film IB 
are listed below; 
5 the flow rate for CHF 3 : 10 seem; 

the flow rate for CF 4 : 20 seem; 
the flow rate for Ar: 60 seem; 
the flow rate for 02: 5 sccra; 
the pressure 
10 within the chamber: 60 mTorr; and 

the power: 200 Watts. 

Such conditions are used for etching the hard mask film 18 
to form the hard mask 22. 

Subsequently, the metal film is etchedusing thus formed 

15 hard mask 22 as a mask. This etching process can be carried 

out by use Of an etching apparatus, such as plasma etching 
apparatus. When the metal film 16 is thus etched by use of 
the hard mask 22, the breakdown and deterioration of the 
gate oxide film 10 are reduced during the etching. 

20 Fig. 3A is a sectional view showing a manufacturing 

step in which the metal lines 24 has been formed after etching 
the metal film 16 by use of the hard mask 22. Fig. 3A is 
a sectional view taken along the line II-n of Fig. 3B. Fig. 
3B is a plan view showing a manufacturing step in which the 

25 metal lines 24 has already been formed by etching the metal 

f ilm 16. These drawings show the metal lines and hard mask 
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having the same pattern. 

Referring to Fig. 3B, the control electrode 8a and the 
wiring layer 9b have a conductive path to the metal layer 
16 . The conductive path is provided by the conductive portion 
5 i6d formed within the contact hole 12d. After etching, the 

control electrode 8a and the wiring layer fib have a conductive 
path to the metal lines 24. Therefore, when the metal lines 
24 are exposed to the plasma for etching, the potential of 
the control electrode 6a and the wiring layer Sb are different 
10 from that of the substrate 2 even after the control electrode 

8a and the wiring layer 9b have been formed. This potential 

corresponds to the amount of charge contained in the etching _ - ** 
mask. The details thereof will be explained later. 

After the metal lines 24 have been formed, a passivation .r- 
15 film 26 is formed without removing the hard mask 22. Fig. 

4 is a sectional view showing a manufacturing step in which 
the passivation film 26 has been formed. The passivation 

film 26 is formed and the structure of the passivation film ~~r ^ 
26 is composed of, for example, a silicon oxide film (FSG) 

20 doped with a low concentration of phosphorus (F) deposited 

by use of CVD method and a plasma nitride film formed thereon. 

A semiconductor device is completed by the 
semiconductor device manufacturing method according to the 
embodiment of the invention. Although the semiconductor 

25 device in this embodiment has a single metal wiring layer 

24, the present invention is also applicable to semiconductor 
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device further comprising at least one" metal wiring layer 
added onto the metal wiring layer 24 as a matte* of course. 
In the latter configuration, another metal layer, hard mask 
film and photoresist mask should be formed. The additional 
layers correspond to the metal layer 16, the hard mask film 
18, and the photoresist mask 20, . respectively . 

These layers may be formed in the same manner as in 
the above-mentioned method, but the formation thereof is 
not limited thereto . Thereafter , the separate hardmask film 
is etched using the separate photoresist mask as a mask, 
whereby the metal wiring layer is formed. The configuration 
prevents the breaking and deteriorating of the gate oxide 
film for the MQS type transistor during the etching as well. 

Conditions for etching the metal film above will now 
be explained. The etching is carried out using a mixed gas 
of Cl 2 gas, BC1 3 gas and CHF 3 gas. The Cl 2 gas and BC1 3 gas 
are used as a main ingredient of the etching gas and the 
CHF 3 gas is used as an additive gas. 

As for the etching conditions, the following process 
is preferable/ for example. The substrate 2 is mounted on 
a susceptor of the etching apparatus. Thereafter, the 
pressure in the process chamber is reduced to about 5 to 
30 mTorr, e.g; , 12 mTorr. The gas flow rate valve is 
controlled so as to supply Cl 2 gas, BCl 3 gas and CHF 3 gas 
and their flow rates of Cl 2 gas, BC1 3 gas, and CHF 3 gas are 
80 seem (about 60% with respect to the total amount), 40 
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seem (about 10%) , and not greater than 15 seem, respectively. 
These gases are mixed and thus obtained mixture is introduced 
into the chamber. A high-frequency power is applied to 
generate high-density plasma in the chamber and is maintained. 
5 The plasma dissociates and ioni2es the etching gas to create 

active species and ions of chlorine (CD . The active species 
and ions mainly contribute to the etching of the metal film 
16. Since the susceptor is applied to a negative potential, 
CI ions advance toward the susceptor, thereby enabling the 

10 anisotropic etching in a direction normal to the susceptor, 

The mixing ratio of Cla gas and BC1 3 gas can be similar 
to that as conventionally employed for an etching gas for 
the metal film. Although Al metal and Al alloys are 
exemplified as material for the metal film 16 in the embodiment, 

15 any conductive material capable of being etched by the 

above-mentioned Cl-containing etching gas may be employed 
as a wiring material as well. 

With reference to Figs. 5A and SB, we will explain the 
mechanism allowing the reduction of the breakdown of the 

20 gate oxide film (the control electrode) of the MOS type 

transistor in forming the metal wiring. Fig- 5A is a 
schematic view showing both of electrified charge in the 
etching by use of the hard mask and electric charge induced 
'in the metal film by the electrification charge. Fig. 5B 

25 is a schematic view showing both of electrified charge in 

the etching by use of the photoresist and electric charge 
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induced by the electrification charge . The inventors assume 
this mechanism as follows. 

With the hard mask 22, th* thickness of the hard mask 
is allowed to be smaller than that of a photoresist mask 
5 23 when the metal film 16 of a predetermined thickness is 

etched, For example, the thickness of the photoresist 23 
may be at least 1 jum but not greater than 2 iim. Although 
the etching of the metal film 16 requires the thickness of 
the photoresist to fall within the above range, the metal 

10 film 16 can be favorably etched by use of the hard mask 22 

having a film thickness falling within a predetermined range 
as already described. Preferably, the thickness of the hard 
mask 22 falls within the range of at least 150 nm but not 
greater than 300 nm. 

15 The hard mask 22 allows the reduction of the volume 

of themaskmember in which the electrification occurs . Thus, 
the amount of charge in the mask member is reduced in the 
etching, and the amount of induced charge in the mask member 
can also be reduced as well.. Further, experiments carried 

20 out by the inventors have revealed that further favorable 

results can be obtained when the film thickness of the hard 
Mask 22 is at least 180 nm but not greater than 230 nm. 

In the etching, the mask member accumulates electric 
charges so as to be charged negative, whereas the conductor 

25 to be etched is relatively charged positive because etchant 

ions reaching the metal film 16 are positive charge. 
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Consequently, the potential Qf the.metal film 16 is different 
from that of the substrate 2. 

Namely, since the control electrode (8a in Fig- 1A) 
and the wiring layer (8binFig, 1A) are electrically connected 
5' through connection paths (e.g./ 16c and 16d in Fig. 2B) to 

the metal film, a potential difference occurs between the 
control electrode 8a and wiring layer 8b, and the substrate 
2 opposed to them. The control electrode 8a is insulated 
from the substrate 2 by way of the thin gate insulating film 

10 10, and the dielectric breakdown of the gate insulating film 

10 occurs when the potential difference between the control 
electrode 8a and the substrate 2 increases above the 
predetermined vaiue . In contrast, the dielectric breakdown 
does not occur in this embodiment because the amount of charge 

15 in the mask member is not large. 

The photoresist 23 electrified with negative charge 
causes the phenomenon of shading, whereby electrons in the 
plasma 40 are bounced off (44 in Fig. 5B) . However, in 
addition to the fact that the amount of charge in the hard 

20 mask 22 decreases, the hard mask 22 has advantages in the 

following points. With the hard mask 22, the aspect ratio 
can be smaller as compared with the conventional photoresist 
23. With a small aspect ratio/ electrons in the plasma 40 
can reach a deeper region being etched (42 in Fig. 5A) because 

25 electrons in the plasma 40 are not bounced off by shading. 

The electrons having reached the metal film IS in etching 
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can reduce the amount of positive charge in the metal film 
16. As a consequence, the hard mask 22 also acts to reduce 
the electrif icationof the metal film 16 occurring inetching. 

As can be seen from Figs . 5Aand5B, the method explained 
5 in this embodiment reduces not only the electric charge in 

the films in etching but also the electric charge induced 
by that electric charge . The inventors presume that a grater 
electrification of the mask member may occur in the regions 
of higher wiring density. However, the method according to 

10 this embodiment mentioned above provides two mechanisms to 

reduce the electrification in. the masjc member even in the 
high wiring density regions. 

Fig. 6A is a diagram showing, by use of capacitors, 
both of the electrification charge in etching using the 

15 photoresist and the electric charge induced by the 

electrification charge. Fig. 6B is a diagram showing, by 
use of capacitors, both of the electrification charge upon 
etching using the hard mask and the electric charge induced 
by the electrification charge. 

20 Referring to Fig. 6A, a greater amount of 

electrification charge exists because the photoresist 23 
has a greater film thickness . Referring to Fig. 6B, a smaller 
amount of electrification charge exists because the hard 
mask 22 has a smaller film thickness. As a consequence, the 

25 potential difference Vi between nodes A and B becomes greater 

than the potential difference V 2 between nodes C and D in 
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terms of the absolute value. 

In Figs r 6A and 6B, a capacitor Cl is provided between 
the substrate 2 and a polysilicon layer 8 (e.g., reference 
numeral 8b in Fig. IB) on the device separation film 4. A 
5 capacitor C2 is provided between the substrate 2 and a 

polysilicon layer 3 (e,g-, reference numeral 8a in Fig. IB) 
on the gate oxide film 10. The thickness of the gate oxide 
film 10 is smaller than that of the device separation film 
4. The relationship Cl < C2 is obtained where the symbols 
10 Cl and C2 are their respective capacitance values per unit 

area . 

A voltage across the capacitors Cl and C2, as shown 
in Fig* 6A, is higher than that across the capacitors Cl 
and C2, as shown in Fig- 6B. Since the thickness of the gate 

15 oxide film 10 is smaller than that of the device separation 

film 4, there is a larger likelihood of the occurrence of 
the gate oxide defects in the manufacturing process. That 
is, the defects may occur due to dielectric breakdown when 
a considerably high voltage is applied across the gate oxide . 

20 This phenomenon causes the breakdown of the control electrode 

{gate electrode) 8a. 

Fig. 7 is a graph showing measurements of time-dependent 
dielectric breakdown (TDDB) , which is amethod for evaluating 
the deterioration in the gate oxide film. 

25 In this method, samples are prepared as follows . Until 

the etching of an Al film (metal film) is completed, a 
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predetermined condition is maintained. The predetermined 



that have respective flow rates of GO seem, 90 seem, and 
15 seem, flows in the process chamber so as to keep a pressure 
of 10 mTorr. After the barrier metal layer has been etched, 



The next predetermined condition is as follows: a process 
gas containing Cl 2 , BC1 3 , and CHF 3 flows in the process chamber 
so as to keep a pressure of 7 mTorr/. and that their respective 
flow rates are 30 seem, 45 seem, and 15 seem. In the sample, 
the thickness of the gate oxide film is 4.5 nm and the gate 
area is 10 juw? and the film thickness of the hard mask is 
150 nm. 

Fig. 7 shows results of measurement for the samples 
prepared under the above conditions. In this measurement, 
a constant-current of 500 mA/cm 2 is applied to the control 
electrode of the samples, and the interval of time untii 
each sample breaks is measured. In the graph of Fig. 7, the 
abscissa and ordinate indicate time and cumulative fraction 
defective/ respectively. Data for the samples prepared by 
use of the photoresist are indicated by whitened circles, 
symbol "O", whereas those prepared by use of the hard mask 
are indicatedby black circles, symbol For comparison, 

whitened squares, the symbol indicate data measured 

for samples having a control electrode connected to a simple 
electrode pattern (with an area which is 100,000 times the 



condition is: a process gas containing Cl 2 , BC1 3 and CHF 3 



the next predetermined condition is maintained for 10 seconds , 
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control electrode area) which is not shaped in wiring. In 
the simple electrode pattern, no damages occur due to the 
shading because it is not a wiring pattern. 

As shown in the graph of Fig- 7, the cumulative fraction 
5 defective is improved for the hard mask samples as compared 

with the results obtained for the photoresist samples. The 
result for the hard mask is substantially on a par with the 
result showing no damages due to the shading phenomenon . 
As explained in the foregoing in detail with reference 

10 to the drawings/ in carrying out plasma dry etching of a 

wiring layer electrically connected to the control electrode 
of a MOS type semiconductor device, the present invention.^ 
can reduce the occurrence of the dielectric breakdown and .„ 
deterioration in the gate oxide film due to the 

15 electrification of the wiring film accelerated in the high 

density wiring regions . The present invention is not limited 
to the embodiments, and is applicable to other semiconductor^,, 
device manufacturing methods of forming a predetermined 
pattern of metal wiring connected through a conduction path 

20 to a control electrode provided on an insulating layer* 

Industrial Applicability 

As explained in the foregoing, the present invention 
employs a hard mask instead of a photoresist . The hard mask 
is utilized as a mask in forming a wiring layer connected 

25 through a conductive path to a control electrode. The hard 

mask makes it possible to reduce its initial film thickness 
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required for etching the metal film. 

The thinner hard mask reduces the volume of the mask 
member, and thus decreases aportion of the mask member capable 
of capturing the electric charge during the etching process . 
5 This reduces the amount of electric charges in themaskmember, 

whereby the voltage applied between the control electrode 
and the substrate can be lowered- 

Thus provided are a method of manufacturing a 
semiconductor device and the semiconductor device, which 
10 can reduce the occurrence of the breakdown and deterioration 

in a gate oxide, film in forming metal wirings on a control 
electrode of the semiconductor device. 
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CLAIMS 

Amethod of manufacturing a semiconductor device 
said method forming metal wirings of a predetermined pattern 
connected through a conduction path to a control electrode 
5 on an insulating layer formed on a substrate, said method 

comprising the steps of: 

forming a metal film; 

forming, on said metal f ilm, a hard mask with a film 
thickness of at least 150 nm but not greater than 300 nm, 
10 said hard mask containing a silicon system inorganic 

insulating film, and said hardmask having said predetermined 
pattern; and 

etching said met^l film with said hard mask by use of 
an etching gas to form metal wiring of said predetermined 
15 pattern; 

wherein, in said step of forming said metal wiring, 
the amount of electric charge in said metal film is decreased 
to reduce the occurrence of the breakdown and deterioration, 
caused by said electric charge flowing into said control 
20 electrode, of said insulating layer. 

2 . Amethod of manufacturing a semiconductor device 
according to claim 1, wherein said hard mask is made of silicon 
oxide* 



Amethod of manufacturing a semiconductor device 
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according to claim 1 or 2, wherein said metal film is at 
least one of an Al film and an Al alloy film. 

4 . Amethodof manufacturing a semiconductor device 
according to claim 1 or 2, wherein said metal film i$ at 
least one of a tungsten film and a copper alloy film.. 

5. Amethodof manufacturing a semiconductor device 
according to any one of claims 1 to 4, wherein said hard 
mask has a film thickness of at least 180 run but not greater 
than 230 nnu 

6. Amethodof manufacturing a semiconductor-device 
according to any one of claims 1 to 5, wherein a barrier 
metal film is formed. 

7 . Amethod of manufacturing a semiconductor device 
according to claim 6, further comprising the step of etching 
said barrier metal film by use of said hard mask. 

9 . Amethodof manufacturing a semiconductor device 
according to any one of claims 1 to 7 , wherein an antiref lection 
film is provided between said metal film and said hard mask. 

9. Amethod of manufacturing a semiconductor device 
according to claim 8, further comprising the step of etching 
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said antiref lection film by use of said hard mask. 

10 . Amethod of manufacturing a semiconductor device 
according to claim 1, wherein said etching gas contains CI. 

5 

Amethod of manufacturing a semiconductor device 
having metal wirings of a predetermined pattern, said method 
comprising the steps of! 

forming, on an insulating layer, a control electrode 
10 for a metal-insulator-semiconductor type device; 

forming a metal film connected through a conduction 
path to said control electrode; 

forming; on said metal film, a hard mask with a film 
thickness of at least 150 nm but not greater than 300 run, 
15 said hard mask having said predetermined pattern and 

containing a silicon type inorganic insulating film; and 
etching said metal film with said hard mask by use of 
an etching gas to form metal wiring of said predetermined 
pattern. 



12 . Amethod of manufacturing a semiconductor device 
according to claim 11, further comprising the step of forming 
said insulating film prior to forming said control electrode 
on said insulating layer. 

13 . Amethod of manufacturing a semiconductor device 
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according to claim 11 or 12, further comprising the step 
of forming a source and a drain for said 
metal-insulator-semiconductor type device . 

5 14 . Amethod of manufacturing a semiconductor device 

according to any one of claims 11 to 13, wherein said hard 
mask is made of silicon oxide. 

1 5 . Amethod of manufacturing a semiconductor device 
10 according to any one of claims 11 to 14, wherein said hard 

mask has a film thickness of at least 180 nm but not greater 
than 230 ma. 

16 . Amethod of manufacturing a semiconductor device 
IS according to any one of claims 11 to 15, further comprising 

the steps of: 

forming a barrier metal f ilmprior to forming saidmetal 
film; and 

etching said barrier metal film by use of said hard 

20 mask. 



17 . Amethod of manufacturing a semiconductor device 
according to any one of claims 11 to 16, further comprising 
the steps of; 

25 forming an antiref lection film on saidmetal f ilmprior 

to forming said hard mask on said metal film; and 



30 



etching said antiref lection film by use of said hard 

mask. 

A semiconductor device comprising: 
5 a substrate; 

a MIS type device having an electrode provided on an 
insulating film between said electrode and said substrate; 

a metal wiring layer provided on said MIS type device 
by way of an interlayer insulating film/ said metal wiring 
10 layer having a predetermined pattern/ and 

ahardmask, provided on saidmetal wiring layer , having 
a predeterminedpattern identical to that of saidmetal wiring 
layer; 

wherein said metal wiring layer is electrically 
15 connected to said electrode of said MIS type device. 




A semiconductor device comprising: 



a substrate; 

a MIS type transistor having a source and a drain 
20 provided on the substrate; and a control electrode for 

controlling a current flowing between said source and drain, 
said control electrode being provided on an insulating f ilm, 
said insulating film being provided between said control 
electrode and said substrate; 
25 a metal wiring layer provided on said MIS type 

transistor by way of an interlayer insulating film, said 
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metal wiring layer having a predetermined pattern; and 

ahardmask, providedon saidmetal wiring layer, having 
a predeterminedpattern identical to that of saidmetal wiring 
layer; 

5 wherein said metal wiring layer being electrically 

connected to said control electrode of said MIS type 
transistor. 

20. A semiconductor device according to claim 19, 
10 wherein said MIS type field-effect transistor is a MOS type 

field-effect transistor. 
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